SUMMARY. Replacing cool-season turf with more drought and heat tolerant warmseason turfgrass species is a viable water conservation strategy in climates where water resources and precipitation are limited. Field studies were conducted in Riverside and Irvine, CA, to investigate three methods (scalping, eradication with a nonselective herbicide, planting into existing turf) of converting an existing tall fescue (Festuca arundinacea) sward to warm-season turf. Cultivars established vegetatively by plugging were 'De Anza' hybrid zoysiagrass [Zoysia matrella · (Z. japonica · Z. tenuifolia)], 'Palmetto' st. augustinegrass (Stenotaphrum secundatum), 'Tifsport' hybrid bermudagrass (Cynodon dactylon · C. transvaalensis), 'Sea Spray' seashore paspalum (Paspalum vaginatum), and 'UC Verde' buffalograss (Buchloe dactyloides). Cultivars established from seeds were 'Princess-77' bermudagrass (C. dactylon) and 'Sea Spray' seashore paspalum. Neither scalping nor planting into existing tall fescue were effective conversion strategies, as none of the warm-season turfgrasses reached 50% groundcover within 1 year of planting. All of the species except for st. augustinegrass reached a higher percentage of groundcover at the end of the study when glyphosate herbicide was applied to tall fescue before propagation compared with the other conversion strategies. Bermudagrass and seashore paspalum established from seeds and hybrid bermudagrass from plugs provided the best overall establishment with 97%, 93%, and 85% groundcover, respectively, when glyphosate was used before establishment. Quality of seeded cultivars matched or exceeded that of cultivars established vegetatively by plugging. These results suggest that eradication of tall fescue turf followed by establishment of warm-season turf from seeds is the best and easiest turf conversion strategy.
I
ncreasing urban expansion in the southwestern United States will result in higher demands for potable water. Limited annual precipitation causing periodic droughts and scarcity of surface water sets the priority on the allocation of potable water resources, and in turn limits the amount of water that can be used for nonhuman consumption. Turfgrass is considered a nonessential crop, as it does not provide food or nutrition for humans, therefore water that can be allocated for outdoor landscape irrigation is often restricted (City of Albuquerque, NM, 2000; State of California, 2009). Decreasing water supplies and current or impending water use restrictions throughout California and the southwestern United States demand serious and demonstrable efforts to conserve water among end users, especially on outdoor landscapes. These days, it is common for municipalities and water agencies to offer their customers monetary incentives for replacing turf with alternative, drought tolerant landscape plants or xeriscape materials (Metropolitan Water District of Southern California, 2013) .
Tall fescue is the most common turfgrass species used on lawns in California and other regions in the southwestern United States because it retains green color throughout the year as long as supplemental irrigation is provided in the summer. Although one of the most drought tolerant (avoidant) cool-season turfgrass species because of deep rooting, tall fescue has a high water use rate (Fry and Huang, 2004) . Richie et al. (2002) found that tall fescue required on average 80% crop evapotranspiration (ET crop )/irrigation uniformity [where ET crop = reference evapotranspiration (ET o ) · crop coefficient (K c )] to maintain acceptable turf in Riverside, CA. This translates into an annual irrigation requirement for tall fescue (including natural precipitation) of %46 and 36 inches in Riverside and Irvine, CA, respectively (Green, 2005) .
Converting preexisting coolseason to warm-season turf swards is one strategy that can potentially save up to 20% or more water, based on differences in ET and drought tolerance (Huang and Fry, 1999; Meyer et al., 1985) . Evapotranspiration rates reported in the literature for warmseason species range from 3 to 9 mmÁd -1 , while rates for cool-season turfgrasses typically range between 4 and 13 mmÁd -1 (Kenna, 2008) . In Texas, tall fescue can use up to 47% more water than zoysiagrass [Zoysia japonica (Kim, 1983) ]. Transitioning from cool-season to warm-season turf species has helped golf course superintendents to reduce pest management and irrigation costs (Zuk and Fry, 2006) .
Regardless of potential water savings, the conversion of an existing cool-season turf into warm-season turf can be problematic. Removing the existing sod and replacing sod of a warm-season species would be the ideal remedy, but this may be cost prohibitive for many homeowners and facilities. An alternative approach would be to seed or plug the warmseason species directly into the existing sward. In this case, competition among species needs to be either reduced or removed to allow the new turf to establish. Therefore, identification of methods to convert cool-season into warm-season stands would be helpful to those who wish to minimize turf maintenance costs in addition to reducing irrigation water use.
Interseeding a new species into a preexisting one is the simplest approach to replace cool-season species. Interseeding has minimal impact on activity and therefore it will not involve loss of revenue or aesthetics. However, competition for resources, including light, water, and nutrients, may prevent the interseeded species from germination and establishment. A maximum of 2% coverage was achieved in a study conducted in Indiana and Kentucky when zoysiagrass was interseeded into perennial ryegrass (Lolium perenne) without prior herbicide application (Patton et al., 2004) . In another study, zoysiagrass cover reached only 9% when the existing perennial ryegrass sward was not treated with either an herbicide or a plant growth regulator (Zuk and Fry, 2005) . Similarly, greater bermudagrass cover was reported if herbicides were applied to perennial ryegrass stands before seeding for species transition (Jellicorse et al., 2012; Williams and Burrus, 2004) . Jellicorse et al. (2012) concluded that trying to establish bermudagrass on top of a perennial ryegrass sward is not effective unless the cool-season grass is eradicated first with an herbicide.
Several studies showed that applying glyphosate (Roundup Pro; Monsanto, St. Louis, MO), a nonselective herbicide, before seeding is the fastest and most efficient method to convert cool-season to warm-season turf areas (Fry et al., 2007; Jellicorse et al., 2012; Patton et al., 2004; Williams and Burrus, 2004; Zuk and Fry, 2005) . Glyphosate applications immediately before seeding had little or no negative effect on germination and establishment (Egley and Williams, 1978; Hurto and Turgeon, 1978; Kaufman, 1978; Kollenkark and Daniel, 1978; Marshall and Naylor, 1984) . However, some studies reported a significant loss in turfgrass quality during the transition period from perennial ryegrass to bermudagrass when glyphosate was applied before seeding (Jellicorse et al., 2012; Williams and Burrus, 2004) . Similarly, Mittlesteadt et al. (2009) reported that turfgrass quality dropped below acceptable levels when glyphosate was used to remove a kentucky bluegrass (Poa pratensis) and perennial ryegrass mixture before bermudagrass seeding. Moreover, glyphosate application will impact aesthetic turf quality during conversion and could require closure of the treated area with a consequent loss of revenue. The cost of the herbicide and seeds might be prohibitive as well (Fry et al., 2007) .
Scalping taller cut cool-season turf such as tall fescue before interseeding can help hasten warm-season turfgrass establishment. Zuk and Fry (2005) demonstrated that seeded zoysiagrass coverage at the end of a 3-year study was similar between scalping and glyphosate treatments. However, the plots had to be scalped three times per week at 0.6 cm for several weeks, until zoysiagrass tillering.
Previous studies investigating the efficacy of converting cool-season into warm-season turf stands included only one species at a time, without determining which warm-season species and establishment method might be the most suitable in replacing coolseason turfgrasses. Objectives of this study were to determine the speed and efficacy of five different warm-season turfgrasses established either from seeds or vegetatively from plugs in replacing a cool-season tall fescue sward using three different conversion methods (scalping, glyphosate, planting into existing turf) in inland and coastal climates of southern California. The studies were conducted on mature existing turf-type tall fescue turf maintained under lawn conditions. Before the experiments started, turf was mowed one or two times per week at 2 inches using a rotary mower. The sward was irrigated at 100% ET o to maintain green color and appealing visual quality. Turf received 5 lb/1000 ft 2 nitrogen (N) per year using a 15N-6.5P-12K fertilizer.
Materials and methods
Two conversion methods from tall fescue to warm-season species were tested against a no-removal (turf left intact) control. Before warmseason establishment, tall fescue was treated with the nonselective herbicide glyphosate at a rate of 2 qt/acre on 18 June 2009 in Riverside and on 14 July 2009 in Irvine, or scalped down to 3/4 inch, the lowest setting using a rotary mower. Turf was left in place following herbicide application, and leaf debris was raked and removed following scalping. Nontreated tall fescue maintained at 2 inches served as a control. Propagation of warmseason turfgrasses took place the day after herbicide application and scalping in both locations. Five species were selected for the study: hybrid bermudagrass ('Tifsport'), bermudagrass ('Princess-77'), buffalograss ('UC Verde'), seashore paspalum ('Sea Spray'), st. augustinegrass ('Palmetto'), and hybrid zoysiagrass ('De Anza'). 'Sea Spray' seashore paspalum was established both from seeds and vegetatively by plugging. 'Princess-77' bermudagrass was established by seeds only. Seeding rate was 1 lb/1000 ft 2 of pure live seed broadcasted after the plots were aerated using 0.25-inchdiameter solid tines. The remaining five cultivars were vegetatively propagated using 1.25-inch-diameter plugs planted on 1-ft spacing. 'UC Verde' buffalograss is commercially available as plugs only; hence, the plugging comparison among all nonseeded species. Furthermore, commercial recommendations at the time were that buffalograss could be plugged directly into living tall fescue lawns. Therefore, an untreated, no-removal control was included for comparison.
Following propagation, the plots were syringed lightly five times per day for 3 weeks to hasten turf establishment. Irrigation was then reduced to 80% ET o /distribution uniformity to favor warm-season species over tall fescue. The scalped or glyphosate plots were mowed one or two times weekly at 1.5 inches with a reel mower (Tru-Cut; Dolphin Outdoor Power Equipment, Pompano Beach, FL). The control plots were mowed one or two times weekly at 2 inches with a rotary mower. In 2009, all plots received a total of 2.5 lb/1000 ft 2 N and 2 lb/ 1000 ft 2 potassium (K) from June to October using an 18N-0P-14.9K fertilizer. The following year, an additional 1.5 and 1.2 lb/1000 ft 2 K were provided to the plots from March to May with the same fertilizer. All plots received 0.25 lb/1000 ft 2 phosphorus (P) in Mar. 2010 only using a 0N-20.1P-0K fertilizer. Initially, weeds were controlled by hand; however, eventually broadleaf weed pressure reached a point where herbicide control was necessary. A mixture of carfentrazone, 2,4-D, mecoprop and dicamba was applied at a rate of 0.01, 0.13, 0.05, and 0.01 lb/acre acid equivalent, respectively, on 11 Oct. 2009.
Treatments were arranged in a completely randomized block design. Plot size was 49 ft 2 and each treatment was replicated three times. Since there was a 26-d shift between planting dates of the two locations, days after planting (DAP) were calculated for each location and data were analyzed separately for each DAP. Visual estimation of warm-season turf cover was conducted each month starting from 100 DAP until dormancy for each location; this led to a total of two observation dates before the end of 2009. Turf visual quality on a scale from 1 to 9 (1 = worst, 9 = best) was taken starting 135 DAP. On 5 Mar. 2010, turf color and quality were assessed visually on the plots to calculate spring green-up.
Percentage of groundcover was estimated using a 7 · 7-ft grid divided in 49 sections of 1 · 1 ft. The grid was laid on top of each plot and percent warm-season turf cover was visually estimated for each section; coverage for each section was used to calculate total coverage of each plot. A final visual estimation of warm-season cover and turf quality was done in 2010 at both locations at 345 DAP. Turf quality and cover were subjected to analysis of variance separately for each DAP using SAS Proc Mixed (version 9.2; SAS Institute, Cary, NC).
Where appropriate, means were followed by multiple comparisons using Fisher's protected least significant difference test at the 0.05 P level.
Results and discussion
Monthly average air temperatures, ET o , and precipitation for the Riverside and Irvine locations are provided in Table 1 . Riverside is farther inland than Irvine and thus temperatures and ET o are much higher during the summer months. However, winter temperatures are more moderate in Irvine because of its closer proximity to the Pacific Ocean. According to historical data, annual precipitation is typically greater in Irvine than Riverside, but not during the study period (Table 1) .
WARM-SEASON TURF COVER. Warm-season turf cover was affected by removal method and its interaction with warm-season species on 100, 135, and 345 DAP (Table 2) . Therefore, data were pooled over location and are presented separately for each removal method and grass species. Glyphosate application resulted in complete death of tall fescue. The two cultivars established from seeds, 'Princess-77' and 'Sea Spray', established faster in comparison with all other treatments when glyphosate was applied before seeding. Seeded Table 2 . Results of analysis of variance testing on the effects of location (Riverside and Irvine, CA), grass species (hybrid bermudagrass, bermudagrass seeded, buffalograss, seashore paspalum, st. augustinegrass, and hybrid zoysiagrass) removal method (no removal, scalping, or glyphosate) and their interactions on warm-season cover and visual quality (1 = worst, 9 = best) at 100, 135, and 345 days after planting (DAP); turf color (1 = yellow/dormant grass, 9 = 100% green grass); and quality for spring green-up. Data were collected on 5 Mar. 2010. Values with the same letter in the same column are not significantly different from one another via Fisher's protected least significant difference at P = 0.05.
• August 2013 23 (4) bermudagrass and seashore paspalum reached 67% and 81% of complete groundcover, respectively, by the end of 2009 and were the only two cultivars to reach >90% cover at the end of the study (Table 3) . These results are in agreement with Schiavon et al. (2012) who documented that bermudagrass and seashore paspalum established equally fast when seeded in June. Moreover, these results confirm the suggestion of Patton et al. (2008) that seeding is not only less expensive but can also be faster than sprigging. These results are also in agreement with Munshaw et al. (1998) who reported faster bermudagrass establishment from seeds than from sprigs. Generally, warm-season species established faster and reached a higher percentage of groundcover 1 year after planting, if the tall fescue sward was treated with glyphosate before establishment. These results are in agreement with several studies conducted previously on the conversion from cool-season to warm-season turfgrasses (Fry et al., 2007; Jellicorse et al., 2012; Patton et al., 2004; Williams and Burrus, 2004; Zuk and Fry, 2005) . However, scalping tall fescue was as effective as glyphosate application in establishment of st. augustinegrass. Plots that were scalped before establishment of st. augustinegrass yielded 4% groundcover at 100 DAP, 8% at 135 DAP, and 18% at the end of the study (Table 3) , and these percentages were never different from the glyphosate-treated plots. It has been reported that st. augustinegrass is one of the most shade-tolerant warmseason turfgrasses (Busey, 2003) . The ability to establish and grow under shade from the tall fescue canopy as it recovered from scalping may have been why st. augustinegrass cover did not differ between scalped and glyphosatetreated plots. Nevertheless, conversion to st. augustinegrass cannot be considered successful, as only 18% groundcover was reached when the tall fescue sward was scalped, and the glyphosate-treated plots did not reach 50% cover by the end of the study (Table 3) . Zuk and Fry (2005) reported that scalping was as effective as applying glyphosate to convert perennial ryegrass to zoysiagrass. Nonetheless, with the exception of st. augustinegrass and seashore paspalum (plugged) in our study, warm-season turf cover in scalped plots did not significantly differ from cover in intact tall fescue at 345 DAP. Moreover, at the end of the study the highest groundcover reached by a scalped tall fescue plot was only 29% by hybrid bermudagrass (Table 3) . When plugged directly into live tall fescue, buffalograss reached only 4% groundcover in comparison with 39% cover when the tall fescue stand was treated with glyphosate (Table 3 ). This result was not different from that of hybrid zoysiagrass, st. augustinegrass, or seashore paspalum (all plugged). The interaction of warm-season species and location was also significant at 345 DAP (Table 2) . When data were averaged over removal method, hybrid bermudagrass reached the highest cover at the end of the study (Table 4) . Seeded and plugged bermudagrass, and seashore paspalum also performed equally well in both locations. However, hybrid zoysiagrass and st. augustinegrass reached significantly higher cover in Riverside in comparison with Irvine, while buffalograss established better in Irvine than in Riverside. These results suggest that bermudagrass and seashore paspalum have a higher adaptability to different environments (coastal vs. inland) in comparison with the other warm-season turf species.
TURF VISUAL QUALITY. The interaction between removal method and grass species affected turf visual quality 135 and 345 DAP (Table 2) . Therefore, data were pooled over location and presented separately for removal method and each grass species (Table 3) . When turf quality was collected 135 DAP, warm-season grasses were entering dormancy. The highest quality was observed with hybrid bermudagrass (4.1) in plots that were scalped before planting (Table 3) . Scalping tall fescue before seeding also had a positive effect on turf quality of seashore paspalum, but no differences between treatments were found in other cultivars (Table 3) . These results are in partial agreement with Zuk and Fry (2005) , who reported higher quality in a scalped perennial ryegrass sward converted to zoysiagrass in comparison with glyphosate treatment shortly after the beginning of the experiment. However, glyphosatetreated plots produced the highest quality with hybrid zoysiagrass (4.8), seeded bermudagrass (6.0), seeded seashore paspalum (7.3), hybrid bermudagrass (6.8), and buffalograss (5.7) plots in comparison with scalping and the control at the end of the study (Table 3) . Furthermore, glyphosate enhanced quality of seashore paspalum (plugged) in comparison with planting into existing turf (4.8 vs. 3.3). Moreover, plots treated with glyphosate rarely reached an acceptable quality level of 6 at the beginning of the study (Table 3) . The highest quality was observed in seashore paspalum (seeded) and hybrid bermudagrass (plugged) plots; nevertheless, seeded bermudagrass quality was the same as plugged for each removal method. Therefore, it appears that new seeded cultivars of bermudagrass and seashore paspalum not only outperform older seeded cultivars (Shaver et al., 2006) , but can also match the quality of top-performing vegetative cultivars (Morris 2002; Patton et al., 2009) .
Location also had an effect on plot visual quality 135 and 345 DAP (Table 2) . Quality was higher in Riverside 135 DAP in comparison with Irvine (data not shown). However, the difference between the two locations (2.8 in Riverside and 2.1 in Irvine) can be explained by the time difference between data collection. Quality ratings 135 DAP were taken on 1 Nov. 2009 in Riverside and on 27 Nov. 2009 in Irvine. Warm-season turfgrasses were in an advanced stage of dormancy when ratings were taken at the Irvine location compared with the earlier rating date in Riverside. Also, turf visual quality was higher in Riverside in comparison with Irvine at the end of the study (data not shown). However, when data were pooled over removal method and warm-season species, turf quality did not reach an acceptable level of 6 at either location. Low ratings were probably because most of the warmseason turf did not establish properly, and groundcover on the majority of the plots was below 50% (Table 3) . Brede and Duich (1986) , investigating allelopathic interaction between cool-season species, concluded that dominance of a species in a mixture is a phenomenon that occurs both above and below ground. Aboveground growth can be affected by root interactions of different species. It is well documented that tall fescue possesses an aggressive, deep root system (Qian et al., 1997; Sheffer et al., 1987) . Therefore, interaction of roots might have slowed the establishment of warm-season turfgrasses where tall fescue was not removed. Another possible explanation for slow turf establishment could be that the warm-season turfgrasses required irrigation greater than 80% ET o / distribution uniformity for successful establishment. More research is needed to investigate the relationship between turf cover and quality during the establishment of warm-season turfgrasses in a preexisting cool-season sward. SPRING COLOR AND QUALITY. Location, removal method, warm-season species, and their interaction had a significant effect on warm-season turf color and plot visual quality during spring (Table 2) . Among all cultivars and removal methods, hybrid bermudagrass green-up was faster on plots treated with glyphosate, with no differences between the two locations (Table 5) . Seashore paspalum and seeded bermudagrass plots treated with glyphosate broke dormancy as fast as hybrid bermudagrass in Riverside, but not in Irvine. Removing the tall fescue sward with glyphosate resulted in higher color ratings for hybrid zoysiagrass, st. augustinegrass, seeded and hybrid bermudagrass, and seeded seashore paspalum in Riverside, and for seeded bermudagrass and seashore paspalum in Irvine (Table 5) . These results suggest that eliminating any competition during warm-season grass conversion leads to faster greenup in the spring. Plots that were scalped before establishment with hybrid zoysiagrass, seeded and hybrid bermudagrass, and plugged seashore paspalum greened-up faster in Irvine in comparison with Riverside. It has been suggested that scalping bermudagrass during the winter results in faster spring green-up by increasing soil temperatures (Rimi et al., 2011) . Although soil temperatures were not recorded in our study, average air temperatures from November to February were higher in Irvine than in Riverside, which might have led to higher soil temperatures and therefore faster green-up.
The highest quality in March was observed in Riverside in glyphosatetreated plots, where either hybrid bermudagrass plugs or seashore paspalum seeds were planted, with a rating of 5.0 (Table 5) . Glyphosate application before planting in Riverside also enhanced spring quality for hybrid zoysiagrass, st. augustinegrass, and seeded bermudagrass. Conversely, only plots converted from tall fescue to hybrid bermudagrass using glyphosate showed a significant improvement in turf quality in comparison with the other removal methods (Table 5) . However, hybrid zoysiagrass, seeded seashore paspalum, and buffalograss plots treated with glyphosate in Irvine showed higher spring turf quality in comparison with planting into existing tall fescue (Table 5) .
Conclusions
Converting preexisting coolseason turf to warm-season turf can save considerable water for outdoor use. According to our results, eradication of existing tall fescue turf with the nonselective herbicide glyphosate before planting is the best conversion method to warm-season turf in southern California. Glyphosate-treated plots not only achieved the highest groundcover at the end of the study but also exhibited the highest color and quality ratings in the following spring. Selection of a proper warmseason turfgrass species can be just as important as the turf conversion method. In our study, only bermudagrass and seashore paspalum resulted in a successful conversion and showed high adaptability to different environments. Moreover, seeded cultivars Table 5 . Warm-season turf color (1 = yellow/dormant grass, 9 = 100% green grass) and visual quality (1 = worst, 9 = best) taken on 5 Mar. 2010 in Riverside and Irvine, CA, on plots converted from tall fescue to warm-season turf using three different removal methods (no removal, scalping, or glyphosate). Values represent an average of three replications.
Species Removal
Color (1-9 scale) Quality (1-9 scale) Riverside Irvine Riverside Irvine • August 2013 23 (4) established faster than vegetatively propagated cultivars. Overall, these results suggest that eradication of existing turf followed by seeding bermudagrass or seashore paspalum will result in the best and easiest success in turf conversion for water savings in a Mediterranean climate.
